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Honorable  Richard  A.  Snelling 
Governor  of  the  State  of  Vermont 
State  Capitol 

Montpelier,  Vermont  05602 


Dear  Governor  Snelling: 

I  am  forwarding  to  you  a  copy  of  the  Norton  Pond  Dam  Phase  I  Inspection 
Report,  which  was  prepared  under  the  National  Program  for  Inspection  of 
Non-Federal  Dams.  This  report  is  presented  for  your  use  and  is  based 
upon  a  visual  inspection,  a  review  of  the  past  performance  and  a  brief 
hydrological  study  of  the  dam.  A  brief  assessment  is  included  at  the 
beginning  of  the  report.  I  have  approved  the  report  and  support  the 
findings  and  recommendations ‘  described  in  Section  7  and  ask  that  you 
keep  me  informed  of  the  actions  taken  to  implement  them.  This  follow-up 
action  is  a  vitally  important  part  of  this  program. 

A  copy  of  this  report  has  been  forwarded  to  the  Department  of  Water 
Resources,  the  cooperating  agency  for  the  State  of  Vermont.  In 
addition,  a  copy  of  the  report  has  also  been  furnished  the  owner, 
Coaticook  River  Water  Power  Company  Coaticook,  Quebec,  Canada  . 

Copies  of  this  report  will  be  made  available  to  the  public,  upon 
request,  by  this  office  under  the  Freedom  of  Information  Act.  In  the 
case  of  this  report  the  release  date  will  be  thirty  days  from  the  date 
of  this  letter. 


I  wish  to  take  this  opportunity  to  thank  you  and  the  Department  of 
Water  Resources  for  your  cooperation  in  carrying  out  this  program. 
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PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 


NATIONAL  DAM  INSPECTION  PROGRAM 
PHASE  I  -  INSPECTION  REPORT 
BRIEF  ASSESSMENT 


Identification  No. :  00198 

Name  of  Dam:  Norton  Pond  Dam 

Town:  Norton 

County  and  State:  Essex,  Vermont 

Stream:  Coaticook  River 

Date  of  Inspection:  November  10,  1978 


Norton  Pond  Dam  is  a  1200  foot  long,  13  foot  high  earth 
embankment  dam.  This  dam  was  originally  constructed  in  1893, 
with  repairs  being  made  in  1930  and  1945.  The  appurtenant 
works  consist  of  a  concrete  spillway  and  outlet  works  struc¬ 
ture.  The  spillway  consists  of  two  crest  openings,  each 
about  9'-9"  long  and  separated  by  a  2  foot  pier.  The  outlet 
works  consist  of  two  concrete  sluiceways,  5  feet  high  by  4 
feet  wide  and  40  feet  long.  Discharge  is  controlled  by  two 
hand-operated  slide  gates.  Engineering  data  available  con¬ 
sisted  of  a  set  of  plans  dated  1947  showing  plan,  elevation 
and  details  of  the  dam.  No  construction  specifications  or 
design  calculations  were  available. 

The  visual  inspection  of  Norton  Pond  Dam  indicated 
that  it  is  in  poor  condition.  The  inspection  revealed  that 
the  upstream  slope  of  the  embankment  has  sloughed  and  has 
been  eroded  in  several  locations  and  that  the  soil  exposed 
by  the  sloughing  is  a  silty  fine  to  coarse  sand  which  is 
loose  and  subject  to  continued  erosion.  The  downstream 
slope,  which  at  the  time  of  inspection  was  covered  with  an 
impenetrable  cover  of  brush  and  thorn  bushes  is,  in  some 
places,  on  a  slope  of  about  one  foot  vertical  to  one  foot 
horizontal.  Also,  the  inspection  revealed  heavy  cracking 
and  spalling  of  concrete  at  the  spillway  and  outlet  works 
structures,,  gates  in  poor  or  inoperable  condition,  excessive 
amounts  of  log  and  stump  debris  in  the  reservoir  immediately 
upstream  of  the  dam  and  downstream  channel  obstruction  caused 
by  overhanging  trees  and  brush. 

Based  on  the  dam's  intermediate  size  and  significant 
hazard  classification  in  accordance  with  the  Corps  guide¬ 
lines  the  test  flood  is  one-half  the  PMF .  The  spillway 


will  pass  only  about  8  percent  of  the  test  flood  and  is 
considered  inadequate.  The  nonoverflow  section  would  be 
overtopped  by  2.7  feet  under  test  flood  conditions. 

It  is  recommended  that  the  owner  clean  the  downstream 
slope  of  the  dam  to  permit  adequate  inspection  for  seepage 
through  and  beneath  the  dam  and  engage  a  qualified  engineer 
to  further  evaluate  the  potential  for  overtopping,  the 
inadequacy  of  the  spillway  and  the  feasibility  of  signifi¬ 
cantly  increasing  discharge  capacity.  Provisions  should 
be  made  by  the  owner  to  repair  the  sloughing  on  the  up¬ 
stream  face  of  the  dam,  remove  floating  debris  and  provide 
suitable  riprap  on  the  upstream  slope,  install  a  log  boom 
across  the  intake  channel  of  the  spillway  outlet  works, 
repair  deteriorated  sections  of  concrete  at  the  spillway/ 
outlet  works  structures  and  replace  or  repair  the  outlet 
control  gates.  It  is  also  recommended  that  spillway  stop- 
logs  be  removed  and  the  reservoir  level  be  kept  at  the 
spillway  elevation  of  1330.96  until  the  recommendations 
and  remedial  measures  are  accomplished. 

The  recommendations  and  remedial  measures  are  described 
in  Section  7.  The  remedial  measures  (Section  7.3)  should  be 
addressed  within  six  months  and  the  recommendations  (Section 
7.2)  should  be  addressed  within  one  year  after  receipt  of 
this  Phase  I  -  Inspection  Report  by  the  owner. 


Gordon  H.  Slaney,  Jr. 
Project  Engineer 


Howard,  Needles,  Tammen  &  Bergendoff 
Boston,  Massachusetts 


This  Phase  I  Inspection  Report  on  Norton  Pond  Dam 
has  been  reviewed  by  the  undersigned  Review  Board  members.  In  our 
opinion,  the  reported  findings,  conclusions,  and  recommendations  are 
consistent  with  the  Recommended  Guidelines  for  Safety  Inspection  of 


Dams,  and  with  good  engineering  judgment  and  practice,  and  is  hereby 
submitted  for  approval. 


uJ.fi 


fOSJPH  W.  /EttNEGAN,  JR., 
Ua/er  Conrcol  Branch 
Engineering  Division 


Engineering  Division 


Chief,  NED  Materials  Testing  Lab. 
Foundations  &  Materials  Branch 
Engineering  Division 


APPROVAL  RECOMMENDED: 
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/DE  b.  fryar  t 


Chief,  Engineering  Division 
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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams,  for 
Phase  I  Investigations.  Copies  of  these  guidelines  may  be 
obtained  from  the  Office  of  Chief  of  Engineers,  Washington, 
D.C.  20314.  The  purpose  of  a  Phase  I  Investigation  is  to 
identify  expeditiously  those  dams  which  may  pose  hazards  to 
human  life  or  property.  The  assessment  of  the  general  con¬ 
dition  of  the  dam  is  based  upon  available  data  and  visual 
inspections.  Detailed  investigation  and  analyses  involving 
topographic  mapping,  subsurface  investigations,  testing  and 
detailed  computational  evaluations  are  beyond  the  scope  of 
a  Phase  I  Investigation;  however,  the  investigation  is  in¬ 
tended  to  identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that 
the  reported  condition  of  the  dam  is  based  on  observations 
of  field  conditions  at  the  time  of  inspection  along  with  data 
available  to  the  inspection  team.  In  cases  where  the  reser¬ 
voir  was  lowered  or  drained  prior  to  inspection,  such  action, 
while  improving  the  stability  and  safety  of  the  dam,  removes 
the  normal  load  on  the  structure  and  may  obscure  certain 
conditions  which  might  otherwise  be  detectable  if  inspected 
under  the  normal  operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam 
depends  on  numerous  and  constantly  changing  internal  and 
external  conditions,  and  is  evolutionary  in  nature.  It  would 
be  incorrect  to  assume  that  the  present  condition  of  the  dam 
will  continue  to  represent  the  condition  of  the  dam  at  some 
point  in  the  future.  Only  through  continued  care  and  inspec¬ 
tion  can  there  by  any  chance  that  unsafe  conditions  be 
detected . 

Phase  I  inspections  are  not  intended  to  provide  detailed 
hydrologic  and  hydraulic  analyses.  In  accordance  with  the 
established  Guidelines,  the  Spillway  Test  Flood  is  based  on 
the  estimated  "Probable  Maximum  Flood"  for  the  region 
(greatest  reasonably  possible  storm  runoff) ,  or  fractions 
thereof.  Because  of  the  magnitude  and  rarity  of  such  a  storm 
event,  a  finding  that  a  spillway  will  not  pass  the  test  flood 
should  not  be  interpreted  as  necessarily  posing  a  highly  in¬ 
adequate  condition.  The  test  flood  provides  a  measure  of 
relative  spillway  capacity  and  serves  as  an  aide  in  determin¬ 
ing  the  need  for  more  detailed  hydrologic  and  hydraulic 
studies,  considering  the  size  of  the  dam,  its  general  con¬ 
dition  and  the  downstream  damage  potential. 
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A  drainage  ditch,  parallel  to  the  base  of  the  dam  was 
apparently  excavated  at  the  toe  to  carry  away  the  seepage 
flow  which  was  a  steady  stream  at  the  time  of  the  visit."  The 
earlier  observations  of  seepage  through  the  dam  could  not  be 
confirmed  at  the  time  of  inspection  because  of  the  dense 
growth  on  the  downstream  face  of  the  dam.  It  is  recommended 
that  the  spillway  stoplogs  be  removed  and  reservoir  level  not 
be  raised  above  the  spillway  elevation  of  1330.96  until  the 
upstream  sloughing  and  erosion  has  been  repaired  and  until 
the  downstream  face  has  been  cleared  to  permit  a  thorough 
examination  of  that  face  of  the  dam  and  the  area  immediately 
below  the  downstream  toe. 


3 


4 


banks,  there  is  an  accumulation  of  a  great  number  of  logs 
and  stumps.  The  extent  of  this  debris  is  such  that  it  could 
create  blockage  of  the  spillway  and  outlet  works  under  nearly 
all  flow  conditions.  The  amount  of  siltation  within  the 
reservoir  is  unknown. 


e.  Downstream  Channel.  Immediately  downstream  of  the 
dam,  there  is  a  small  pool  with  many  dead  logs  on  both  banks. 
Downstream  of  the  pool,  the  channel  passes  through  a  heavily 
wooded  area  with  brush  overhanding  both  banks  which  could 
create  an  obstruction  to  flow. 

3.2  Evaluation 


Visual  examination  indicates  that  the  overall  condition  of 
the  dam  is  poor.  The  inspection  of  the  dam  revealed  the  following: 

(a)  The  upstream  slope  of  the  embankment  has  sloughed 
and  has  been  eroded  in  several  locations,  and  in  two  locations, 
the  sloughing  has  progressed  into  the  embankment  crest. 

(b)  The  soil  exposed  by  the  sloughing  is  a  silty  fine 

to  coarse  sand  which  is  loose  and  subject  to  continued  erosion. 

(c)  The  downstream  slope,  which  at  the  time  of  inspec¬ 
tion  was  covered  with  a  impeneratable  cover  of  brush  and 
thorn  bushes  is,  in  some  places,  on  a  slope  of  about  1  foot 
vertical  to  1  foot  horizontal. 

(d)  Heavily  cracked  and  spalling  concrete  on  both 
training  walls  of  the  spillway  section  and  the  intermediate 
pier  supporting  the  log  roadway  bridge  over  the  spillway. 

(e)  Deteriorating  of  the  concrete  outlet  works  culvert. 

(f)  One  of  two  control  gates  is  inoperable.  Wooden 
portions  of  both  gates  are  rotted  and  metal  portions  are 
rusted. 

(g)  Excessive  amounts  of  log  and  stump  debris  in  the 
reservoir  immediately  upstream  of  the  dam. 

(h)  Downstream  channel  obstruction  caused  by  dense, 
overhanging  trees  and  brush. 

Prior  inspection  by  the  Vermont  Public  Service  Commission 
states  that  seepage  through  and  under  the  dam  had  been  seen. 

Quoting  from  this  report  dated  June  30,  1948,  "Spring-like 
flow  emerging  from  the  embankment  was  observed  in  a  few  places. 
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Downstream  Slope 

The  face  of  the  downstream  slope  is  covered  with  dense 
brush  which  prevented  an  adequate  inspection  of  this  face  and 
the  downstream  toe  of  the  dam.  Photo  7  is  a  typical  view  of 
the  downstream  face. 

c.  Appurtenant  Structures.  Visual  inspection  of  the 
concrete  spillway,  outlet  works  structure  and  spillway/outlet 
works  discharge  channel  did  not  reveal  any  evidence  of 
stability  problems.  The  concrete  surface  of  these  structures, 
however,  was  found  to  be  in  generally  poor  condition;  cracks 
and  heavy  spalling  were  noted  throughout  the  concrete  surface 
as  shown  in  Photos  20,  21,  22,  23  and  24. 

The  spillway  structure  consists  of  a  concrete  sloped 
slab  with  flash  boards  located  at  the  upper  face  as  shown  on 
Section  A-A,  Figure  1,  located  in  Appendix  B.  The  concrete 
surface  of  the  spillway  slab  appeared  to  be  in  generally 
good  condition.  The  training  walls  and  intermediate  pier 
supporting  the  log  roadway  bridge,  however,  are  heavily 
cracked  and  spalled.  The  extent  of  this  deterioration  can 
be  seen  in  Photos  20,  21,  22,  23  and  24. 

The  outlet  works  structure,  shown  in  Photos  18  and  24, 
is  formed  by  a  concrete  box  culvert  type  structure.  The 
outlet  works  contains  two  sections,  each  with  an  effective 
opening  of  4  feet  wide  by  5  feet  high,  controlled  by  two 
mechanically  operated  wooden  gates.  The  left  gate  is  not 
operational.  Both  gates,  including  their  control  mechanism, 
are  in  poor  condition.  The  wooden  parts  of  each  gate  are 
rotted,  and  the  metal  parts  are  very  rusted.  The  concrete 
forming  this  structure  also  appears  to  be  in  poor  condition 
as  can  be  seen  in  Photos  23  and  24.  Photo  24  shows  the  con¬ 
dition  of  the  culvert  at  downstream  face.  The  deteriorated 
concrete  observed  during  the  visual  inspection  will,  if 
corrective  action  is  not  taken,  be  exposed  to  further  de¬ 
terioration  and  may  eventually  lead  to  partial  or  complete 
collapse  of  this  structure. 

d.  Reservoir  Area.  The  reservoir  area  slopes  consist 
of  heavily  wooded,  mountainous  terrain.  The  watershed  is 
substantially  undeveloped  with  only  one  road  and  railroad 
line  passing  through  the  basin,  both  of  which  run  along  the 
east  side  of  the  reservoir.  There  are  about  a  dozen  dwellings 
along  the  southeasterly  shore.  Within  the  reservoir  there  are 
approximately  eight  small  islands.  In  the  immediate  vicinity 
of  the  dam  and  along  a  substantial  portion  of  the  reservoir 
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SECTION  3 
VISUAL  INSPECTION 


3 . 1  Findings 


a.  General.  The  field  inspection  of  Norton  Pond  Dam 
was  made  on  November  10,  1978.  The  inspection  team  consisted 
of  personnel  from  Howard,  Needles,  Tammen  &  Bergendoff  and 
Geotechnical  Engineers,  Inc.  A  representative  of  the  Coaticook 
River  Water  Power  Company  was  also  present  during  a  portion  of 
the  inspection.  Inspection  checklists,  completed  during  the 
visual  inspection  are  included  in  Appendix  A.  At  the  time 

of  the  inspection,  the  water  level  was  approximately  5  inches 
below  the  permanent  spillway  elevation.  No  water  was  passing 
over  the  spillway.  The  upstream  face  of  the  dam  could  only 
be  inspected  above  this  water  level. 

b.  Dam.  Visual  inspection  of  the  dam  indicated  it  is 
in  fair  condition.  The  upstream  slope  of  the  dam  has  experi¬ 
enced  sloughing  and  erosion  in  several  areas  which  should  be 
repaired  before  the  reservoir  level  is  allowed  to  exceed  the 
spillway  elevation  of  1330.96. 

Upstream  Slope 


Photos  9,  11,  14  and  15  show  the  small  scale  slides 
or  sloughing  which  have  occurred  on  the  upstream  slope. 

At  two  locations.  Station  2+23  shown  in  Photos  10,  11 
and  12,  and  Station  5+54  shown  in  Photo  14,  the  sloughing 
and  erosion  has  progressed  into  the  embankment  crest. 

The  soil  exposed  by  the  sloughing  is  a  silty  fine  to 
coarse  sand  which  is  loose  and  subject  to  continued  erosion. 

As  demonstrated  by  Photo  14,  riprap  slope  protection  is 
nonexistent  in  some  sections  of  the  dam  for  a  distance  of 
4  feet  below  the  crest.  The  water  level  is  often  raised  to 
within  one  foot  of  the  crest  elevation. 

Crest 


The  crest  width  varies  between  8  and  12  feet  and  is 
unpaved.  A  typical  section  of  the  crest  is  shown  in  Photo 
13.  No  evidence  of  cracking  or  misalignment  that  could  be 
attributed  to  embankment  movement  was  observed. 
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SECTION  2 
ENGINEERING  DATA 


2 . 1  Design 


No  original  design  data  were  disclosed  for  Norton  Pond. 
The  dam  was  originally  constructed  in  1893.  A  set  of  drawings 
(2  sheets)  prepared  by  W.  S.  Lea,  Consulting  Engineer,  dated 
1947  showing  plan,  sections  and  details  of  the  dam  is  the  only 
design  information  found. 

2.2  Construction 


No  construction  records  were  available  for  use  in  evalu¬ 
ating  the  dam. 

2 . 3  Operation 

No  engineering  operational  data  were  disclosed. 

2.4  Evaluation 


a.  Availability .  Engineering  data  available  for  Norton 
Pond  Dam  is  limited  to  the  set  of  drawings  mentioned  above. 
This  plan  is  on  file  at  the  State  of  Vermont,  Public  Service 
Board. 


b.  Adequacy .  The  lack  of  in-depth  engineering  data  did 
not  allow  for  a  definitive  review.  Therefore,  the  adequacy  of 
this  dam  could  not  be  assessed  from  the  standpoint  of  reviewing 
design  and  construction  data,  but  is  based  primarily  on  visual 
inspection,  past  performance  history  and  sound  engineering 
judgement. 

c.  Validity .  The  field  investigation  indicated  that 
the  external  features  of  Norton  Pond  Dam  substantially  agree 
with  those  shown  on  the  available  plans. 


j.  Outlet  Works.  The  outlet  works  consist  of  two  4 
feet  wide  by  5  feet  high  gates  set  at  an  invert  elevation 
of  1,323.91.  The  left  gate  is  in  a  closed  position  and  is 
not  operable.  The  right  gate  is  opened  several  inches  to 
provide  flow  downstream. 


(2)  Flood  Control  Pool  -  N/A 

(3)  Spillway  Crest  -  570. 

(4)  Test  Flood  Pool  -  570. 

(5)  Top  Dam  -  570. 

g.  Dam 

(1)  Type  -  earth  embankment. 

(2)  Length  -  1,200  feet,  overall. 

(3)  Height  -  13  feet  (maximum) . 

(4)  Top  Width  -  10  (average) . 

(5)  Side  Slopes  -  US  =  1^:1;  DS  =  variable. 

(6)  Zoning  -  unknown. 

(7)  Impervious  core  -  unknown. 

(8)  Cutoff  -  unknown. 

(9)  Grout  Curtain  -  unknown. 

(10)  Other  -  none. 

h.  Diversion  and  Regulating  Tunnel 

None. 

i.  Spillway 

(1)  Type  -  concrete  sluice. 

(2)  Length  of  Weir  -  19.42  feet  (9'-9"  +  O'-S"). 

(3)  Crest  Elevation  -  1,330.96. 

(4)  Gates  -  stoplogs  (six  high). 

(5)  U/S  Channel  -  none. 

(6)  Downstream  Channel.  Immediately  downstream  of  the 
dam  there  is  a  small  pool  with  many  dead  logs  on  both  banks. 
Downstream  of  the  pool  the  channel  passes  through  a  heavily 
wooded  area  with  brush  overhanging  both  banks. 


(3)  The  spillway  capacity  with  the  pond  level  at  the 

top  of  dam  is  approximately  180  cfs  with  the  stoplogs  in  place. 
Top  of  dam  elevation  is  1,336.8  feet.  With  the  stoplogs  re¬ 
moved  the  spillway  capacity  at  this  elevation  is  about  820  cfs. 

(4)  The  spillway  capacity  (stoplogs  in  place)  at  the  test 
flood  elevation  of  1,339.5  is  approximately  500  cfs.  With  the 
stoplogs  removed,  the  spillway  capacity  at  this  elevation  is 
about  1,960  cfs. 

(5)  The  total  project  discharge  at  the  test  flood 
elevation  of  1,339.5  is  approximately  10,600  cfs. 

c.  Elevation  (feet  above  MSL) 

(1)  Streambed  at  centerline  of  dam  -  1,322+. 

(2)  Maximum  tailwater  -  unknown. 

(3)  Upstream  portal  invert  diversion  tunnel  -  none. 

(4)  Recreation  pool  -  1,335. 

(5)  Full  flood  control  pool  -  N/A 

(6)  Spillway  crest  (permanent  spillway)  -  1,330.96. 

(7)  Design  surcharge  -  unknown. 

(8)  Top  Dam  -  1,336.8. 

(9)  Test  Flood  Surcharge  -  1,339.5. 

d.  Reservoir  (miles) 

(1)  Length  of  Maximum  Pool  -  2.8. 

(2)  Length  of  Recreational  Pool  -  2.8. 

(3)  Length  of  Flood  Control  Pool  -  N/A 

e.  Storage  (gross  acre-feet) 

(1)  Recreation  Pool  -  1950. 

(2)  Flood  Control  Poo]  -  N/A 

(3)  Spillway  Crest  Pool  -  1,950. 

(4)  Top  of  Dam  -  3,660. 

f.  Reservoir  Surface  (acres)  -  vertical  sides  assumed. 

(1)  Recreation  Pool  -  570. 


by  W.  S.  Lea  and  are  on  file  with  the  Sate  of  Vermont, 
Public  Service  Board. 


i.  Normal  Operating  Procedure.  Stoplogs  are  usually 
left  in  place  in  the  spillway  channel  to  within  one  foot  of 
the  top  of  structure  to  form  a  weir  outlet.  One  of  the  two 
sluiceway  gates  is  left  open  several  inches  to  maintain 
minimum  flows  in  the  downstream  channel.  The  pond  level  is 
maintained  at  the  top  of  the  stoplogs  as  long  as  runoff  will 
provide. 

1. 3  Pertinent  Data 


a.  Drainage  Area.  The  tributary  area  above  Norton  Pond 
Dam  consists  of  17.3  square  miles  of  heavily  wooded,  mountain 
ous  terrain.  There  are  seven  different  inflow  points  to  the 
reservoir.  The  watershed  is  totally  undeveloped  with  only 
one  road  and  railway  line  passing  through  the  basin. 

The  lake  area  of  570  acres  is  bounded  on  one  side  by  the 
above  mentioned  road  and  railway.  There  are  about  a  dozen 
dwellings  along  the  southeasterly  shore.  Within  the  lake 
there  are  eight  small  islands.  Topographic  elevation  in  the 
watershed  ranges  from  2,920  to  1,335  feet  MSL. 

b.  Discharge  at  Dam  Site 

(1)  The  outlet  works  for  Norton  Pond  consist  of  two 
concrete  sluiceways,  5  feet  high  by  4  feet  wide  and  40  feet 
long.  Discharge  is  controlled  by  two  mechanically  operated 
gates.  Adjacent  to  the  sluiceway  is  a  concrete  spillway 
structure  with  two  crest  openings,  each  about  9' -9"  long 
and  separated  by  a  2  foot  pier.  The  spillway  crest  is  about 
5  feet  below  the  top  of  the  concrete  structure  and  about  6 
feet  below  the  top  of  the  dam.  Stoplogs  of  3  inch  plank 
control  the  flow  over  the  spillway.  The  outlet  works  sluice¬ 
way  is  located  at  an  elevation  of  about  1,324  and  if  the 
gates  are  opened,  would  allow  the  water  level  in  the  pond  to 
be  lowered  to  within  2  or  3  feet  of  the  original  Coaticook 
River  channel  bed. 

(2)  There  are  no  records  of  maximum  discharge  at  the 
dam  site.  In  July  1942,  sandbags  were  placed  on  the  crest 
to  prevent  overtopping  of  the  embankment.  In  April  of  1945 
a  150  foot  section  of  the  dam  was  overtopped,  and  a  partial 
washout  of  the  earth  embankment  occurred  to  the  right  of  the 
spillway  section. 


b.  Description  of  Dam  and  Appurtenances.  Norton  Pond 
Dam  is  an  earthfill  structure  approximately  1,200  feet  long. 

The  maximum  structural  height  of  the  dam,  according  to  existing 
plans,  is  about  13  feet.  The  exact  nature  and  distribution 

of  materials  used  for  the  dam's  construction  is  unknown.  The 
upstream  and  downstream  face  of  the  dam  has  a  variable  slope 
ranging  from  1.5  feet  horizontal  and  1  foot  vertical  to  3  feet 
horizontal  and  1  foot  vertical. 

The  appurtenant  works  consist  of  a  concrete  spillway  with 
stoplogs  and  two  concrete  sluiceways,  5  feet  high  by  4  feet  wide 
and  40  feet  long.  Discharge  is  controlled  by  two  hand  operated 
slide  gates.  The  spillway/outlet  works  structure  is  located 
in  the  original  Coaticook  River  bed. 

Figure  1,  located  in  Appendix  B,  shows  the  plan  of  the 
dam,  spillway  and  outlet  works.  Photographs  of  each  struc¬ 
ture  are  shown  in  Appendix  C. 

c.  Size  Classification.  Intermediate  (hydraulic  height  - 
12  feet  high,  storage  -  3,660  acre-feet)  based  on  storage 
(>1,000  to  50,000  acre-feet)  as  give  in  Recommended  Guide¬ 
lines  for  Safety  Inspection  of  Dams. 

d.  Hazard  Classification.  The  dam's  potential  for  damage 
rates  it  as  a  significant  hazard  classification.  A  major  breach 
of  dam  could  possibly  result  in  property  damage  and  the  loss 

of  a  few  lives  in  Norton,  located  5  miles  downstream.  The 
estimated  flood  stage  is  about  8  feet  high  which  could  possibly 
affect  2  or  3  dwellings  between  the  dam  and  the  town  and  several 
dwellings  in  the  town  itself. 

e.  Ownership.  This  dam  is  owned  by  the  Coaticook  River 
Water  Power  Comany,  Coaticook,  Quebec,  Canada. 

f.  Operator.  This  dam  is  maintained  and  operated  by  the 
Coaticook  River  Water  Power  Company.  The  dam  operator  is  Mr. 
Marshall  Benoit,  Coaticook,  Quebec.  Telephone  No.  (819)  849-2-721. 

g.  Purpose  of  Dam.  This  dam  is  used  to  provide  water 
storage  for  hydro-electric  power  generation  in  the  Town  of 
Coaticook,  Quebec.  Stored  water  is  released  as  necessary  by 
manual  operation  of  the  gate  control  in  the  outlet  works  sluice¬ 
way.  Some  recreational  benefits  are  gained  from  the  reservoir. 

h.  Design  and  Construction  History.  This  dam  was 
originally  constructed  in  1893.  In  1930  a  new  outlet  works 
and  spillway  were  constructed.  No  design  or  construction 
data  are  available.  In  1945,  repairs  were  made  to  a  partially 
washed  out  section  of  the  dam.  Plans  of  the  dam  were  prepared 
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SECTION  1 

PROJECT  INFORMATION 


1.1  General 


a.  Authority.  Public  Law  92-367,  August  8,  1972, 
authorized  the  Secretary  of  the  Army,  through  the  Corps  of 
Engineers,  to  initiate  a  National  Program  of  Dam  Inspection 
throughout  the  United  States.  The  New  England  Division  of 
the  Corps  of  Engineers  has  been  assigned  the  responsibility 
of  supervising  the  inspection  of  dams  within  the  New  England 
Region.  Howard,  Needles,  Tammen  &  Bergendoff  has  been  re¬ 
tained  by  the  New  England  Division  to  inspect  and  report  on 
selected  dams  in  the  State  of  Vermont.  Authorization  and 
notice  to  proceed  were  issued  to  Howard,  Needles,  Tammen  & 
Bergendoff  under  a  letter  of  October  23,  1978,  from  John  P. 
Chandler,  Colonel,  Corps  of  Engineers.  Contract  No.  DACW33- 
78-C-0356  has  been  assigned  by  the  Corps  of  Engineers  for 
this  work. 


b.  Purpose 

(1)  To  perform  technical  inspection  and  evaluation  of 
non-Federal  dams  to  identify  conditions  which  threaten  the 
public  safety  and  thus  permit  correction  in  a  timely  manner 
by  non-Federal  interests. 

(2)  To  encourage  and  prepare  the  states  to  initiate 
quickly  effective  dam  safety  programs  for  non-Federal  dams. 

(3)  To  update,  verify  and  complete  the  National  Inven¬ 
tory  of  Dams. 

1.2  Description  of  Project 

a.  Location.  Norton  Pond  Dam  is  located  on  the 
Coaticook  River  approximately  5  miles  upstream  from  the  center 
of  Norton,  Vermont,  in  the  Town  of  Norton,  Vermont.  The  dam 
is  shown  on  U.S.G.S.  Quadrangle,  Island  Pond,  Vermont,  with 
approximate  coordinates  N44°57,10",  W71°51'06"  in  Essex  County, 
Vermont.  The  location  of  Norton  Pond  Dam  is  shown  on  the 
Location  Plan  immediately  preceding  this  page. 
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SECTION  4 

OPERATIONAL  PROCEDURES 


4.1  Procedure 


Norton  Pond  Dam  is  used  to  provide  water  storage  for 
hydro-electric  power  generation  in  the  Town  of  Coaticook, 
Quebec.  Some  recreational  benefits  are  also  gained  from 
the  reservoir.  Discussion  with  the  owner  revealed  that 
normal  operation  has  the  stoplogs  in  the  spillway  channel 
set  in  place  to  within  one  foot  of  the  top  of  the  structure 
to  form  a  weir  outlet.  One  of  the  two  sluiceway  gates  is  left 
partially  open  to  maintain  a  minimum  flow  downstream.  The 
pond  level  is  maintained  at  the  top  of  the  stoplog  as  long  as 
runoff  will  provide. 

4.2  Maintenance  of  Dam 


Except  for  the  repairs  made  to  the  dam  embankment  in 
May  1945,  there  appears  to  be  no  maintenance  program  estab¬ 
lished  for  this  dam. 

4.3  Maintenance  of  Operating  Facilities 


Some  minor  concrete  repair  work  to  the  spillway  channel 
has  been  accomplished  in  the  recent  past.  Other  than  this, 
however,  there  appears  to  be  no  maintenance  program  for  the 
operating  facilities  of  this  dam. 

4 . 4  Description  of  Warning  Systems 

There  are  no  warning  systems  in  effect  at  this  facility. 

4.5  Evaluation 


The  current  operation  and  maintenance  procedures  for 
Norton  Pond  Dam  are  inadequate  to  insure  that  all  problems 
encountered  can  be  remedied  within  a  reasonable  period  of 
time.  The  maintenance  procedures  are  considered  to  be  poor. 
The  owner  should  establish  a  written  operation  and  mainten¬ 
ance  procedure  as  well  as  establishing  a  warning  system  to 
follow  in  event  of  flood  flow  conditions  or  imminent  dam 
failure. 


SECTION  5 

HYDROLOGY  AND  HYDRAULIC  ANALYSIS 


5.1  Evaluation  of  Features 


a.  General .  Norton  Pond  Dam  is  an  earthfill  structure 
with  a  total  length  of  approximately  1,200  feet  and  a  maximum 
structural  height  of  14  feet.  The  appurtenant  works  consist 
of  a  concrete  spillway  and  outlet  works  structure.  The 
spillway  consists  of  two  crest  openings,  each  about  9* -9" 
long  and  separated  by  a  2  foot  pier.  The  spillway  crest  is 
about  5  feet  below  the  top  of  the  concrete  structure  and 
about  6  feet  below  the  top  of  the  dam.  Stoplogs  of  3  inch 
plank  control  the  flow  over  the  spillway.  The  outlet  works 
consist  of  two  concrete  sluiceways,  5  feet  high  by  4  feet 
wide  and  40  feet  long.  Discharge  is  controlled  by  two  hand- 
operated  slide  gates. 

The  dam  creates  an  impoundment  of  water  primarily  used 
for  hydro-electric  power  generation.  Norton  Pond  Dam  is 
classified  as  being  intermediate  in  size  having  a  maximum 
storage  of  3,660  acre-feet. 

b.  Design  Data.  No  hydrologic  or  hydraulic  design  data 
were  disclosed  for  Norton  Pond. 

c.  Experience  Data.  The  maximum  discharge  at  this  dam 
site  is  unknown.  In  July  of  1942,  sandbags  were  placed  on 
the  crest  to  prevent  overtopping  of  the  embankment.  In 
April  of  1945,  a  150  section  of  the  dam  was  overtopped  and 

a  partial  washout  of  the  earth  embankment  occurred  to  the  right 
of  the  spillway  section. 

d.  Visual  Observations.  Some  evidence  of  small  scale 
slides  or  sloughing  was  noted  on  the  upstream  face  of  the  dam. 
The  water  level  at  this  dam  is  often  raised  to  within  one  foot 
of  the  crest  elevation. 

e.  Overtopping  Potential.  As  no  detailed  design  and 
operational  information  are  available,  hydrologic  evaluation 
was  performed  using  dam  information  gathered  by  field  inspec¬ 
tion,  watershed  size  and  an  estimated  test  flood  equal  to  1/2 
the  Probable  Maximum  Flood  (PMF)  as  determined  by  guide  curves 
issued  by  the  Corps  of  Engineers.  Based  on  a  drainage  area  of 
17.3  square  miles,  it  was  estimated  that  the  test  flood  inflow 
at  Norton  Pond  Dam  would  be  15,400  cfs.  Following  the  guidance 
for  Estimating  Effect  of  Surcharge  Storage  on  Maximum  Probable 
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Discharge  results  in  a  test  flood  discharge  of  10,600  cfs.  A 
the  maximum  spillway  capacity  at  the  top  of  the  dam,  with  all 
stoplogs  removed,  is  only  820  cfs  (approximately  7.7  percent 
of  the  test  flood  discharge  flow) ,  the  test  flood  will  result 
in  the  dam  being  overtopped  by  approximately  2.7  feet. 

f.  Dam  Failure  Analysis.  The  impact  of  failure  of  the 
dam  at  maximum  pool  (top  of  dam)  was  assessed  using  the  "Rule 
of  Thumb"  Guidance  for  Estimating  Downstream  Dam  Failure 
Hydrographs  issued  by  the  Corps  of  Engineers.  The  analysis 
covered  the  reach  extending  from  the  dam  to  Norton  Center 
located  five  miles  downstream.  The  peak  outflow  from  a 
major  dam  failure  does  not  have  enough  hydraulic  head  to 
pass  through  the  downstream  channel  due  to  the  low  pool 
elevation  and  constricting  downstream  conditions.  Using  a 
stage  equal  to  two-thirds  the  height  of  the  dam,  the  expected 
flood  wave  stage  in  Norton,  5  miles  downstream  would  be  ap¬ 
proximately  8.0  feet.  This  stage  could  be  expected  to  cause 
damage  to  two  buildings  between  the  dam  and  the  Town  of 
Norton  and  several  more  dwellings  in  the  town  itself  with 
the  resultant  possibility  of  the  loss  of  a  few  lives. 


SECTION  6 

STRUCTURAL  STABILITY 


6. 1  Evaluation  of  Structural  Stability 

a.  Visual  Observation.  The  visual  inspection  disclosed 
sloughing  and  erosion  on  the  upstream  face  which  should  be 
repaired  before  the  reservoir  is  allowed  to  be  raised  above 
13*30.  96. 

b.  Design  and  Construction  Data.  Norton  Dam  is  an 
earth-fill  dam  about  1,200  feet  long.  The  embankment  averages 
between  8  and  10  feet  in  height.  The  maximum  structural  height 
is  about  13  feet.  The  width  of  the  crest  varies  between  8  and 
12  feet.  The  side  slopes  vary  from  1  foot  vertical  to  1  foot 
horizontal  (1:1)  to  1 : 2  with  the  upstream  slope  generally 
flatter  than  the  downstream  slope. 

The  original  dam  was  built  in  about  1893  and  a  new 
outlet  works  and  spillway  was  added  about  1930.  Drawings 
dated  November  1947  indicate  the  fill  material  is  clay  and 
gravel,  but  examination  of  sloughed  areas  during  this  inspec¬ 
tion  indicate  the  material  used  for  construction  is  a  silty 
fine  to  coarse  sand. 

c.  Operating  Records.  In  July  1942,  sandbags  were 
placed  on  the  crest  to  prevent  overtopping  of  the  embankment. 

On  April  10,  1945,  a  150  foot  section  of  the  embankment 
adjacent  to  the  spillway  was  overtopped  and  eroded  to  a  depth 
of  as  much  as  3  feet.  This  section  of  the  embankment  was 
repaired  in  May  1945. 

d.  Post-Construction  Changes.  Since  the  original  con¬ 
struction,  a  new  outlet  structure  has  been  constructed  near 
the  left  abutment  of  the  dam.  This  outlet  structure  provides 
a  maximum  waterway  opening  of  8  feet  wide  by  10  feet  high. 

This  new  structure  was  constructed  in  about  1930. 

e.  Seismic  Stability.  The  dam  is  located  in  Seismic 
Zone  2,  and  in  accordance  with  recommended  Phase  I  guidelines 
does  not  warrant  seismic  analysis. 


SECTION  7 

ASSESSMENT,  RECOMMENDATIONS  AND  REMEDIAL  MEASURES 


7.1  Dam  Assessment 


a.  Condition .  The  visual  inspection  of  Norton  pond  Dam 
did  not  disclose  any  findings  that  indicate  an  immediate  un¬ 
safe  condition.  The  overall  observed  condition  of  the  dam 
was  poor.  The  inspection  revealed  the  following: 

(1)  The  upstream  slope  of  the  embankment  has  sloughed 
and  has  been  eroded  in  several  locations,  and  in  two  locations 
the  sloughing  has  progressed  into  the  embankment  crest. 

(2)  The  soil  exposed  by  the  sloughing  is  a  silty  fine 

to  coarse  sand  which  is  loose  and  subject  to  continued  erosion 

(3)  The  downstream  slope,  which  at  the  time  of  inspec¬ 
tion  was  covered  with  an  impenetrable  cover  of  brush  and 
thorn  bushes  is,  in  some  places,  on  a  slope  of  about  1  foot 
vertical  to  1  foot  horizontal. 

(4)  Heavily  cracked  and  spalling  concrete  on  both 
training  walls  of  the  spillway  section  and  the  intermediate 
pier  supporting  the  log  roadway  bridge  over  the  spillway. 

(5)  Deteriorating  of  the  concrete  outlet  works  culvert. 

(6)  One  of  two  control  gates  is  inoperable.  Wooden 
portions  of  both  gates  are  rotted  and  metal  portions  are 
rusted. 

(7)  Excessive  amounts  of  log  and  stump  debris  in  the 
reservoir  immediately  upstream  of  the  dam. 

(8)  Downstream  channel  obstruction  caused  by  dense, 
overhanging  trees  and  brush. 

The  hydraulic  analyais  reveals  that  the  dam  cannot  pass 
the  required  test  flood  without  overtopping  the  dam. 

b.  Adequacy  of  Information.  The  lack  of  in-depth  en- 
gineering- data  did  not  allow  for  a  definitive  review.  There¬ 
fore,  the  adequacy  of  this  dam  could  not  be  assessed  from  the 
standpoint  of  reviewing  design  and  construction  data,  but  is 
based  primarily  on  visual  inspection,  past  performance  history 
and  sound  engineering  judgment. 


c.  Urgency.  This  dam  is  in  generally  poor  condition. 

The  recommendations  described  in  Section  7.2  should  be  accom¬ 
plished  within  one  year  after  receipt  of  this  Phase  I  Inspection 
Report  by  the  owner.  The  remedial  measures  described  in  Section 
7.3  should  be  addressed  within  six  months  after  receipt  of  this 
Phase  I  Inspection  Report  by  the  owner. 

d.  Necessity  of  Additional  Investigation.  Due  to 
impeneterable  growth  of  bushes,  the  downstream  slope  could 
not  be  adequately  inspected.  Since  seepage  has  been  noted  on 
the  downstream  slope  in  earlier  inspection,  the  existing  brush 
should  be  cut  to  permit  a  more  complete  examination  of  the 
downstream  slope  of  the  dam. 

7 . 2  Recommendations 

It  is  recommended  that  the  owner  clean  the  downstream 
slope  of  the  dam  to  permit  adequate  inspection  for  seepage 
through  and  beneath  the  dam.  It  is  also  recommended  that  the 
owner  engage  a  qualified  engineer  to  further  evaluate  the  po¬ 
tential  for  overtopping,  the  inadequacy  of  the  spillway  and 
to  determine  what  alternative  measures  are  necessary  to  sig¬ 
nificantly  increase  the  discharge  capabilities  of  the  dam. 

7 . 3  Remedial  Measures 

(a)  The  sloughing  on  the  upstream  face  of  the  dam  should 
be  repaired. 

(b)  All  logs  and  debris  should  be  removed  from  the  up¬ 
stream  area  of  the  dam. 

(c)  Suitable  riprap  should  be  installed  to  protect  the 
upstream  slope  of  the  dam. 

(d)  A  log  boom  should  be  installed  across  the  intake 
channel  of  the  spillway  outlet  works. 

(e)  The  cracked  and  spalling  concrete  of  both  training 
walls  and  intermediate  pier  of  the  spillway  section  and  the 
outlet  works  culvert  should  be  repaired. 

(f)  The  control  gates  should  be  repaired  or  replaced. 

(g)  The  bridge  over  the  spillway  should  be  anchored  down 
to  supports  and  reinforced  where  necessary  to  prevent  washout 
and/or  collapse. 

(h)  The  downstream  channel  should  be  cleared  of  logs  and 
dense  overhanging  trees  and  brush. 
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(i)  The  spillway  stoplogs  should  be  removed  and  the 
reservoir  elevation  should  be  kept  at  the  spillway  elevation 
of  1330.96  until  remedial  measures  a  through  h  and  the  recom¬ 
mendations  of  Section  7.2  have  been  implemented. 

(j)  A  written  operational  procedure  and  warning  system 
to  follow  in  the  event  of  flood  flo w  conditions  or  imminent 
dam  failure  should  be  developed.  The  warning  system  should 
discuss  the  operation  of  the  gates  during  flood  flow  conditions 
and  the  steps  to  be  taken  by  local  officials  for  alerting  down¬ 
stream  residents  in  case  of  emergency. 

(k)  An  annual  periodic  technical  inspection  program  should 
be  initiated. 

7 . 4  Alternatives 

There  are  no  practical  alternatives  to  the  recommendations 
of  Section  7.2  and  7.3. 


VISUAL  INSPECTION  CHECK  LIST 
PARTY  ORGANIZATION 


PROJECT  Norton  Pond  Dan 


PARTY: 

1.  Gordon  Slaney,  HNTB 

2.  Stan  Mazur,  HNTB 

3.  Dan  LaGatta,  GEI 

4.  _ 

5.  _ 


PROJECT  FEATURE 

1.  Dam _ 

2.  Spillway/Outlet  Works 

3.  _ 

4.  _ 

5.  _ 

6.  _ 

7.  _ 

8.  _ 

9. _ 

10. 


DATE  Nov.  10.  1978 
TIME  1:00P.M. _ 


WEATHER  Cloudy _ 

W.S.  ELEV1330.5  U.S.  1324+ DN.S 


6. 

7. 

8. 
9. 

10. 


*  INSPECTED  BY  REMARKS 

Dan  LaGatta _ 

S.  Mazur,  G.  Slaney _ 


PERIODIC  INSPECTION  CHECK  LIST 


PROT’TT  Norton  P°nd  Dam 

DATK  Nov.  10,  1978 

PROJECT  FEATURE  Embankment  Dam 

NAME  d.  P.  LaOatta 

DISCIPLINE  Geotechnical  Engineer  _ 

NAME 

_ 

AREA  EVALUATED 

CONDITION 

DAM  EMBANKMENT 

Crest  Elevation 

1,336.8 

Current  Pool  Elevation 

1,330.5 

Maximum  Impoundment  to  Date 

Overtopped  1945. 

Surface  Cracks 

None  observed. 

Pavement  Condition 

No  pavement. 

Movement  or  Settlement  of  Crest 

None  observed. 

Lateral  Movement 

None  observed. 

Vertical  Alignment 

Nq  misalignment  observed. 

Horizontal  Alignment 

Condition  at  Abutment  and  at  Concrete 
Structures 

Good. 

Indications  of  Movement  of  Structural 
Items  on  Slopes 

No  structures  on  slope. 

Trespassing  on  Slopes 

None. 

Sloughing  or  Erosion  of  Slopes  or 
Abutments 

Sloughing  and  erosion  has  occurred  in 
several  places. 

Rock  Slope  Protection  -  Riprap  Failures 

Unusual  Movement  or  Cracking  at  or 
near  Toes 

Riprap  is  poor  and/or  missing  in  places 
on  upstream  slope. 

None  observed. 

Unusual  Embankment  or  Downstream 

Seepage 

None  observed  -  dense  growth  prevented 
detailed  examination  of  area  long 
downstream  toe. 

Piping  or  Boils 

Foundation  Drainage  Features 

None. 

Toe  Drains 

None . 

Instrumentation  System 
Vegetation 


None. 

Dense  bushes  on  d.s.  slope 


PERIODIC  INSPECTION  CHECK  LIST 


PROJECT  Norton  Pond  Dam _  DATE  Nov.  10,  1978 _ 

PROJECT  FEATURE  Intake  Channel/Structure _  NAME  D.  LaGatta, _ 

DISCIPLINE  S t rue t ural/Hy dr aulic /Geo technical  NAME  S.  Mazur.  G.  Slanev 

_ Ensi.ne.ei-s _ 

AREA  EVALUATED  CONDITION 


OUTLET  WORKS  -  INTAKE  CHANNEL  AND 
INTAKE  STRUCTURE 

a.  Approach  Channel 

Slope  Conditions 
Bottom  Conditions 
Rock  Slides  or  Falls 
Log  Boom 
Debris 

Condition  of  Concrete  Lining 
Drains  or  Weep  Holes 

b.  Intake  Structure 

Condition  of  Concrete 
Stop  Logs  and  Slots 


There  is  no  special  approach  channel 
for  this  dam. 


Fair. 

Fair. 


PERIODIC  INSPECTION  CHECK  LIST 


PROJECT  Norton  Pond  Dam  DATE  Nov.  10,  1978 

PROJECT  FEATURE  0utlet:  Works/Controls _  NAME  S.  Mazur _ 

DISCIPLINE  Structural  Engineer _ NAME _ 

AREA  EVALUATED  CONDITION 


OUTLET  WORKS  -  CONTROL  TOWER 

a.  Concrete  and  Structural 

General  Condition 
Condition  of  Joints 
Spalling 

Visible  Reinforcing 
Rusting  or  Staining  of  Concrete 
Any  Seepage  or  Efflorescence 
Joint  Alignment 

Unusual  Seepage  or  Leaks  in  Cate 
Chamber 

Cracks 

Rusting  or  Corrosion  of  Steel 

b.  Mechanical  and  Electrical 

Air  Vents 
Float  Wells 
Crane  Hoist 
Elevator 

Hydraulic  System 
Service  Gates 
Emergency  Gates 
Lightning  Protection  System 
Emergency  Power  System 
Wiring  and  Lighting  System 


Outlet  works  structure  consists  of  a  box- 
culvert  concrete  structure  and  two 
mechanically  controlled  wooden  gates. 
Fair. 

Fair. 

!  ome  spalling  observed. 

None  observed. 

Some  amount  observed. 

None  observed. 

Good. 

None  observed. 


Numerous  observed. 
None  observed. 


Manually  operated  mechanical  controls 
for  two  wooden  gates.  Left  gate  is  not 
functioning.  Wooden  gates  below  water 
and  therefore  not  inspected.  Gear 
mechanism  on  both  gates  in  relatively 
poor  condition. 


PERIODIC  INSPECTION  CHECK  LIST 


PROJECT  Norton  Pond  Dan 

PROJECT  FEATURE  Transition  and  Conduit 

DISCIPLINE _ 

AREA  EVALUATED 

OUTLET  '■■■'ORES  -  TRANSITION  AND  CONDUIT 
General  Condition  of  Concrete 
Rust  or  Staining  on  Concrete 
Spalling 

Erosion  or  Cavitation 
Cracking 

Alignment  of  Monoliths 
Alignment  of  Joints 
Numbering  of  Monoliths 


DATE  Nov.  10,  1978 

NAME _ 

NAM  E _ 

CONDITION 


PERIODIC  INSPECTION  CHECK  LIST 

PROJECT  Norton  Pond  Dam _ _ _  DATE  Nov.  10,  1978 _ 

PROJECT  FEATURE  Outlet  St  rue  turc/Channel _ NAME  D.  LaGatta _ 

DISCIPLINE  Structural/llydraulLc/Geotechnical _ NAME  S.  Mazur.  G.  Slane 

Engineers _ _ 


AREA  EVALUATED 

OUTLET  WORKS  -  OUTLET  STRUCTURE  AND 
OUT LET  CHANNEL 

General  Condition  of  Concrete 

Rust  or  Staining 

Spalling 

Erosion  or  Cavitation 

Visible  Reinforcing 

Any  Seepage  or  Efflorescence 

Condition  at  Joints 

Drain  Holes 

Channel 

Loose  Rock  or  Trees  Overhanging 
Channel 

Condition  of  Discharge  Channel 


CONDITION 

Box-culvert  sluiceway  is  only  way  of 
outletting  water  other  than  spillway, 
consists  of  mechanically  control  wooden 
gates  (see  also  Outlet  Works-Control 
Tower) . 

Fair. 

Some  rust. 

Heavy  spalling. 

None  observed. 

None  observed. 

None. 

Good. 

None. 

Concrete  training  walls  and  riprap  with 
section  of  embankment. 

None. 

Good. 


from  the  embankment  v.as  observed  in  a  few  places.  A  drainage  ditch, 
parallel  to  base  of  the  dan  was  apparently  excavated  at  the  toe  to  carry 
away  the  seepage  flow  which  v:as  a  steady  strean  at  the  tine  of  the 
visit.  This  seepage  condition  is  an  unhealthy  one  for  the  dan.  Any 
increase  in  reservoir  level  may  be  just  enough  to  induce  serious  piping 
and  sloughing  of  the  downstream  toe,  resulting  in  failure  by  an  embank¬ 
ment  slide.  Gome  form  of  toe  stability  should  be  provided  and  the  seepage 
controlled. 
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duo  to  tho  assumed  flood  is  ab-'Ut  2  ft.  as  compared  to  a  ii  ft.  rise  for 
the  20  ft.  spillway.  Thus,  with  the  £0  ft.  spillway,  the  height  of  the 
embankment,  including  freeboard,  can  be  rbout  2  ft.  lower  provided  that 
the  regulation  at  the  beginning  of  the  flood  is  the  same  as  for  the  20  ft. 
spillway. 

If  desired,  it  is  possible  to  arrive  at  a  length  of  spillway  where  the 
human  element  is  eliminated;  that  is,  it  will  not  be  necessary  to  rely  on 
someone  to  remove  the  stoplogs  and  open  the  gates  at  tho  time  of  the  flood. 

Comments  on  Inspection  of  the  Dam 

The  writer  visited  the  site  on  Juno  23,  19hB  to  inspect  the  dam,  and 
makes  the  following  comments: 

There  is  indication  of  new  fill  added  to  the  dam.  According  to  the 
ovmer  of  the  dam,  the  height  of  the  new  fill  is  about  one  foot.  The  new 
fill  appears  to  be  a  clayey  material,  similar  to  that  in  the  old  embank¬ 
ment.  A  layer  of  gravel  has  been  added  to  the  top  of  the  dam. 

The  side  slopes  have  no  slope  protection,  numerous  gullies  appear  on 

the  downstream  face  due  to  rainwater  washing  down  the  slope.  The  upstream 

face  is  subjected  to  continuous  po\ind:ing  and  erosion  due  to  floating  debris, 

/ 

wave  action,  and  ice  conditions. 

Much  floating  debris  has  accumulated  just  upstream  from  the  dam  and 
should  be  removed  for  appearance's  sake.  However,  the  floating  debris  may 
have  a  dampening  effect  on  wave  action.  A  boom  before  the  spillway  pro¬ 
tects  it  and  the  sluiceway  from  this  accumulation. 

The  sluice  gates  appear  in  good  condition.  It  was  noted  that  one 
interchangeable  sprocket  for  manual  ope m turn  is  used  for  the  two  gates. 

An  inspection  of  the  downstream  face  and  toe  of  the  dam  disclosed 
evidence  of  seepage  through,  and  under  the  dam.  Spring-like  flow/  emerging 
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mi.  for  the  Coaticook  River  at  Coaticook,  Quebec.  The  drainage  are- is 
about  150  sq.  mi.  Note  that  this  flood  peak,  on  the  same  stream  as  Norton 
Earn,  agrees  very  closely  with  the  curve  of  Fig.  lv 

The  maximum  flood  flow  at  Norton  Dam  will  probably  occur  rarely,  and 
perhaps  will  be  approached  only  once  in  a  hundred  years  or  more.  Yet  ore 
must  recognize  the  possibility  of  it  being  approached  or  exceeded  at  any¬ 
time.  The  degree  of  conservation  for  Norton  Dam  must  consider  the  fact  that 
it  is  an  earth  fill  dam,  the  overtopping  of  which  is  much  more  dangerous 
than  in  the  case  of  a  concrete  dam. 

At  Norton  Dam  the  shape  of  the  drainage  area  provides  an  added  factor 
of  safety  when  considered  in  the  determination  of  maximum  flood  flow.  The 
reservoir  is  long  and  narrow.  Its  tributaries  are  of  different  sizes  dis¬ 
charging  into  the  reservoir  at  regular  intervals.  Thus,  the  peak  of  the 
runoff  fron  tributary  areas  will  reach  the  dam  at  different  times  resulting 
in  a  smoothing  out  effect  on  the  maximum  flood  peak. 

Discharge  Capacity 

The  flood  peak  inflow  of  7650  c.f.s.,  when  routed  through  the  reservoir, 
reduces  to  a  flow  of  about  2000  c.f.s.  which  must  be  handled  by  the  spillway 


and  gates.  This  routing  is  based  on  the  assumption; that,  with  the  present 
length  spillway  (19' -6”),  the  dam  is  high  enough  to  permit  the  water  level  to 


rise  8  ft.  above  the  crest.  The  present  height  of  dam  is  6  ft.  above  the 

c,./ 

crest,  which  would  bo  overtopping,  and,  in  all  probability,  result  in 


failure.  The  water  level  at  beginning  of  tho  flood  is  taken  as  U  ft.  above 


the  cre3t,  and  at  the  same  time  sboplogs  are  removed  and  gates  are  open  for 
full  discharge. 


The  writer  also  routed  the  flood  based  on  Prof.  Barrowsj  recommendation 
of  a  50  ft.  spillway.  For  this  larger  spillway,  the  increase  in  water  level 


Horton  Dam  U. 

indicated  in  Table  1. 


Table  1 

-  Record  Flood  Peaks 

*  (Within  50  Mi.  Radius  of  Morton  Dam). 

*  . 

Item 

No. 

Stream 

* 

Location 

Drainage 

Area 

(sq.mi.) 

Discharge 
(c.f.s.  per 
sq.mi.) 

“/  *.*  \ '  •/  *, 

1 

Peabody  River 

Gorham,  II. H. 

ho 

2U8 

r-  -*  .  ,  -.l 
’  V  >  . 

2 

Peabody  River 

Glen  House,  N.H. 

17. u 

U21 

3 

Mohawk  River 

Colebrook,  N.H. 

32 

166 

u 

Israel  River 

Lancaster,  N.H. 

121; 

71 

..  .  M 

5 

Passumpsic  River 

St.  Johnsbury,  Vt. 

237 

139 

'  y  m  •  y . 

6 

Ammonoosuc  River 

Bethelehem,  N.H. 

97 

185 

«  1 

7 

Ammonoosuc  River 

Littleton,  N.H. 

12U 

13U 

8 

Tomifobia  River 

Derby  Line,  Vt. 

58 

167 

9 

Missisquoi  River 

Richford,  Vt. 

hhS 

101 

10 

Missisquoi  River 

Sheldon  Springs,  Vt 

.  80? 

78 

.* .* > 

11 

Lamoille  River 

Cadys  Falls,  Vt. 

280 

131 

*  -  *.*  %  .  •*» 

12 

Coaticook  River 

Coaticook,  Quebec, 
Canada 

150 

160** 

*  Source  of  data  -  USGS  Water  Supply  Paper  636-C 
*•*  Letter,  dated  6/7/U8  from  Coaticook  River  Water  Power  Co. 


A  plot  of  the  floods  was  made  in  Fig.  1  and  an  enveloping  curve  drawn 
according  to  the  Creager  formula.  This  curve  indicates  the  flood  producing 
characteristics  of  the  streams  in  the  vicinity  of  Norton  Item.  As  a  com¬ 
parison,  a  similar  curve  for  the  record  floods  of  Vermont  is  shown  in  Fig.  1. 

Thus,  for  a  drainage  area  of  18  sq.  mi.  at  Norton  Dam,  the  curve  indi¬ 
cates  a  flood  peak  of  U25  c.f.s.  per  sq.  mi,  or  a  total  of  7650  c.f.s.  for 
the  watershed.  This  value  is  10  per  cent  over  prof.  Barrows*  estimate,  but 
close  enou^i  for  agreement. 

Mr.  Adams,  in  his  June  7  letter,  gives  a  flood  peak  of  160  c.f.s.  per  sq. 
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Previous  Reports  on  Norton  Dam 

Previous  reports  concerning  the  situation  at  Norton  Dam  are  briefly 
reviewed  as  follovfs:  Prof.  H.  K.  Barrows,  Consulting  Engineer,  submitted 
to  the  Public  Service  Commission  a  report,  dated  May  9>  19U5,  in  which  he 
states  that  the  dam  is  inadequate  in  spillway  capacity  and  unsafe  because 
of  its  susceptibility  to  overtopping  and  consequently  failure.  He  recom¬ 
mended  that  the  dam  be  increased  in  height  about  3  to  U  ft.  and  the  spill¬ 
way  capacity  increased  2  or  3  times  in  length. 

In  response,  E.  Brown  and  H.  V/.  Lea,  Consulting  Engineers,  prepared  a 
report  dated  December  3,  19U7  for  the  Coaticook  River  Water  Power  Company, 
owner  of  dam,  in  which  they  maintain  that  the  existing  dam  i3  adequate  for 
its  intended  purpose.  No  data  is  presented.  They  conclude  that  with  proper 
maintenance  and  operation  the  dam  will  continue  to  function  as  it  has  in  the 
past  55  years. 

After  a  conference  before  the  Public  Service  Commission  during  which 
statements  in  the  aforementioned  reports  were  aired.  Prof.  Barrows,  in  a 
letter  dated  February  3,  19U8,  reaffirmed  his  recommendations  for  a  3  ft* 
increase  in  the  height  of  the  dam  and  a  spillway  increased  to  50  ft. 

A  letter  dated  June  7,  19U3  was  received  by  thi^  Commission  from 
Mr.  C.  V/.  Adams  of  the  Coaticook  River  Vi'ater  Power  Company  in  which  he  states 
that  the  compary  »s  stand  is  based  on  a  study  of  rainfall  and  stream  flow  re¬ 
cords.  No  data  is  presented.  Mr.  Adams  also  asserts  that  Prof.  Barrows* 
flood  peak  of  7000  c.f.s.  at  the  site  is  a  remote  possibility. 

Flood  Flow 

The  flood  peak  obtained  by  writer  for  Norton  Dam  is  based  on  the  method 
.  given  in  Chapter  5  of  "Engineering  for  Dams'1  by  Creager,  Justin  and  Hinds. 
Flood  peaks  for  streams  in  the  vicinity  of  Norton  Dam  were  obtained  for  the 
November,  1927  Flood  which  is  the  greatest  on  record  in  Vermont,  These  are 
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seepage,  it  is  suggested  that  the  pond  level  be  kept  as 
low  as  possible,  at  least  not  higher  than  the  level  of 
3  ft.  above  the  crest  observed  on  date  of  visit  to  the 
site. 

U.  The  maximum  pond  level,  consistent  -with  recommenda¬ 
tion  #1,  should  be  limited  to  U  ft.  abiVe  the  crest.  Y/ith 
pond  level  at  this  elevation,  full  discharge  for  the  sys¬ 
tem,  that  is,  stoplogs  removed  and  both  sluice  gates  open, 
should  be  required  if  indications  are  that  a  storm  ■will  be 
of  long  duration. 

5.  Suitable  slope  protection  should  be  provided  for  both 
upstream  and  dov/nstream  slopes. 

6.  The  floating  debris  at  the  dam  should  bs  removed. 

7.  Remedial  measures  to  be  applied  as  soon  as  practicable. 
Description  of  Dam 

Norton  Dam  is  an  earth-fill  dam  about  1200  ft*  long  and  from  8  to  10 
ft.  high.  The  top  width  averages  about  13  ft.  The  side  slopes  are  approxi¬ 
mately  1  on  1  on  the  downstream  side  and  1  on  lj  on  the  upstream  side. 

At  the  westerly  end  of  the  dam  is  a  concrete  spillway  structure  with 
two  crest  openings,  each  9 '-9"  long  and  separated  by  a  2  ft.  pier.  The 
spillway  crest  is  5  ft.  below  the  top  of  the  concrete  structure  and  about 
6  ft.  below  the  top  of  the  dam.  Stoplogs  of  3  in.  plank  control  the  flow 
over  the  spillway.  A  wooden  plank  bridge  provides  access  over  the 
structure. 

Adjacent  to  the  spillway,  on  the  westerly  side,  are  two  concrete  sluice 
ways,  5  ft.  high  by  h  ft.  wide  and  UO  ft.  long.  Discharge  is  controlled  fcy 
two  hand  operated  slide  gates.  A  concrete  wing  wall  extends  westerly  about 
50  ft.  from  the  sluices  to  the  end  of  the  dam. 

The  reservoir  behind  the  dam  is  about  0.3  mi.  wide  and  2.7  mi.  long. 

It  has  a  surface  area  of  about  600  acres.  The  storage  capacity  or  depth  of 
the  pond  is  not  definitely  known. 


Norton  Dam  and  reservoir  are  located  on  the  Coaticook  River  in  Essex 


County,  Vermont  about  5  mi.  south  of  the  Canadian 
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REPORT  Oil  KORTOM  DAM 


Object  and  Scope 

M  -  ■  m  i  ■  i* 

A  study  was  made  by  the  writer  on  the  safety  of  Norton  Dam  in  Essex 
County,  Vermont.  The  findings  are  presented  in  this  report* 

This  report  is  concerned  only  with  those  features  of  the  dam  which 
affect  the  safety  of  the  structure  as  dictated  by  the  requirements  of 
the  Public  Service  Commission.  The  legal  procedure  involved,  as  a  re¬ 
sult  of  the  conclusions  made  herein,  has  been  left  to  others. 

Conclusions 

The  -writer  agrees  -with  Prof.  Barrows  that  the  spillway  capacity 
is  inadequate  for  the  present  dam  and  failure  may  result  due  to  over¬ 
topping.  The  writer  further  contends  that,  with  the  present  condition 
of  seepage,  the  dam  is  susceptible  to  sloughing  of  the  downstream  face 
which  may  result  in  failure  of  the  embankment  due  to  sliding. 

Cognizance  is  taken  of  the  effort  made  by  the  Coaticook  River  7/ater 
Power  to  improve  the  situation  at  Norton  Item.  However,  these  remedial 
measures  are  inadequate  in  view  of  the  unsatisfactory  conditions  found  by 
this  study. 

The  foUcming  recommendations  are  made: 

1.  Raise  the  level  of  both  the  top  of  the  dam  and  the  concrete 
structure.  If  the  spillway  is  kept  at  its  present  length  of 
19 » -6"  then,  T/ith  a  3  ft.  freeboard,  the  height  of  the  dam 
should  be  11  ft.  above  the  crest.  If  the  spillway  is  in¬ 
creased  to  50  ft.  then,  with  the  same  freeboard,  the  height 

of  the  dam  should  be  9  ft.  above  the  spillway  crest.  It  may 
be  advisable  to  determine  an  economic  balance  between  height 
of  dam  and  length  of  spillway. 

2.  Y/ith  an  increase  in  the  height  of  the  dam  the  base  should  also 
be  widened.  A  rock  toe  with  filter  protection,  or  other  suit¬ 
able  means  should  be  employed  to  protect  the  downstream  toe  from 
sloughing. 


3.  Until  measures  are  taken  to  remedy  the  present  conditions  of 
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NOTES: 

I.  THE  INFORMATION  SHOWN  ON  THIS  DRAWING  IS  BASED 
CN  DRAWINGS  BY  W  S  LEA ,  CONSULTING  ENGINEER 
CONTAINED  IN  A  REPORT  DATED  NOVEMBER.  1947 
REPORTING  ON  THE  DAMS  CONDITION  TO  THE  OWNER, 
THE  COATiCOOK  RIVER  WATER  POWER  COMPANY 
THIS  INFORMATION  WAS  CHECKEO  DURING  THE  FIELD 
INSPECTION  EXCEPT  DIMENSIONS  OR  MATERIALS 
WHICH  WERE  BELOW  GRADE  OR  WATER  DURING  THE 
INSPECTION  WERE  NOT  VERIFIED 

2  THE  ELEVATIONS  SHOWN  ARE  BASED  ON  AN  ELEVATION 
OF  1335  SHOWN  ON  US  6  S.  QUADRANGLE  SHEET 
ASSUMED  TO  BE  FULL  POOL  ELEVATION  (  TOP  OF 
STOP  LOGS), 
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ELEVATION  OF  GATES  &  SPILLWAY 
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A  set  of  drawings  (2  sheets),  prepared  by  W.  S.  Lea,  Consulting 
Engineer,  dated  1947,  showing  plan,  sections  and  details  of 
the  existing  dam  are  available  at  the  State  of  Vermont,  Public 
Service  Board,  Montpelier,  Vermont  05602. 
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APPENDIX  B 


LIST  OF  DESIGN,  CONSTRUCTION  AND  MAINTENANCE  RECORDS 

PLANS  AND  DETAILS 

PAST  INSPECTION  REPORTS 


PERIODIC  INSPECTION  CHECK  LIST 


PROJECT  Norton  Pond  Dam 

DATE  Nov.  10.  1978 

PROJECT  FEATURE  Service  Bridge 

NAME  S.  Mazur 

DISCIPLINE  Structural  Engineer 

NAME 

_  ___  _  _  . 

AREA  EVALUATED 

CONDITION 

a.  Super  Structure 

Bearings 

Log  roadway  bridge  with  transverse 
planks  over  spillway  structure.  Bridge 
is  supported  by  spillway  training  walls 

Anchor  Bolts 

and  intermediate  pier.  No  plates  and 
no  connections  to  the  supports.  Fair 

Bridge  Seat 

condition. 

Longitudinal  Members 

Under  Side  of  Deck 

Secondary  Bracing 

Deck 

Wooden  planks. 

Drainage  System 

None. 

Railings 

None. 

Expansion  Joints 

None. 

Paint 

None. 

b.  Abutment  &  Piers 

General  Condition  of  Concrete 

Poor. 

Alignment  of  Abutment 

Good. 

Approach  to  Bridge 

Condition  of  Seat  &  Backwall 

Poor,  cracks. 

PERIODIC  INSPECTION  CHECK  LIST 

PROJECT  Norton  Pond  Dam  DATE  Nov.  10.  1978 

PROJECT  FEATURE  Spillway/Channel 

NAME  d.  LaGatta 

DISCIPLINE  Structural/Hydraulic/Geotechnical  NAME  S.  Mazur,  G.  Slaney 

Engineers 

AREA  EVALUATED 

CONDITION 

OUTLET  WORKS  -  SPILLWAY  WEIR,  APPROACH 

AND  DISCHARGE  CHANNELS 

a.  Approach  Channel 

General  Condition 

Many  floating  logs  adjacent  to  approach 
area. 

Loose  Rock  Overhanding  Channel 

None. 

Trees  Overhanging  Channel 

None. 

Floor  of  Approach  Channel 

Below  water  surface. 

b.  Weir  and  Training  Walls 

General  Condition  of  Concrete 

Fair. 

Rust  or  Staining 

Some  staining. 

Spalling 

Heavy  spalling. 

Any  Visible  Reinforcing 

At  upstream  face  visible  reinforcing. 

Any  Seepage  or  Efflorescence 

None  observed. 

Drain  Holes 

None . 

c.  Discharge  Channel 

General  Channel 

Same  as  outlet  works  channel. 

Loose  Rock  Overhanging  Channel 

Trees  Overhanging  Channel 

Floor  of  Channel 

Other  Obstructions 
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W.  S.  LliA 

CONS U  LI  IN G  ENGINEER 

Moxtkeai- 

December  3rd., 


Messrs.  Coaticook  River  V/ater  Power  Company, 
Box  399, 

Coaticook,  P.Q,. 


1236  UNivE«s«Tr  Street 


1947. 


Gentlemen:-  REPORT  ON 

NORTON  LAKE  EARTH-FILL  DAM 
COATICOOK  RIVER 


Earlier  this  year,  the  late  Mr.  W.S. 
Lea,  at  your  request,  made  an  inspection  of  the  above 
mentioned  dam  and  the  adjacent  terrain,  and  initiated 
a  search  for  information  pertinent  to  the  problem  with 
which  you  are  faced.  This  report  is  based  on  the  in¬ 
formation  which  he  assembled,  together  with  other  data 
subsequently  secured,  and  in  accordance  with  our  under¬ 
standing  of  your  wishes,  '  is  concerned  with  the  adequacy 
of  the  existing  dam  to  serve  its  intended  purpose. 


DESCRIPTION  OF  STRUCTURE 


In  the  descriptive  passages  which  follow, 
wherever  the  adjectives  •'left'’  and  "right”  appear  in  con¬ 
nection  with  the  dam  or  the  river  and  its  banks,  etc., 
reference  is  being  made  to  the  picture  which  presents 
itself  to  an  observer  looking  downstream  towards  the 
object  under  discussion.  ; 


Norton  Lake  Dam  was  built  about  55  years 
ago  as  a  plain  earth-fill  structure  with  a  timber  spillway 
section.  In  1922  the  timber  construction  was  replaced  by 
a  concrete  spillway  with  centre  pier  and  two  stop  log 
openings.  A  concrete  wingwall  was  also  built  from  the  new 
spillway  to  the  left  end  of  the  dam.  Two  sluice  gates  4* 
wide  x  5’  high  are  set  into  this  wall  and  discharge  through 
concrete  passages  of  rectangular  section  parallel  to  the 
spillway  and  extending  downstream  for  the  same  distance. 
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A  drawing  marked  Plan  No.l,  showing  a  plan  and  profile  of 
the  dam  and  details  of  the  spillway,  is  attached  to  this 
report . 


DESCRIPTION  OF  PARTIAL  FAILURE  OF  DAM 

During  the  afternoon  of  Ap£il  10th,  1945,  a 
partial  failure  of  the  dam  occurred,  caused  by  the  im¬ 
pounded  water  making  its  way  over  or  through  the  earth- 
fill  section  at  or  near  the  right  hand  concrete  wall  of 
the  spillway.  The  sluice  gates  were  closed  at  the  time, 
and  although  positive  evidence  in  the  form  of  records  of 
information  is  lacking,  there  is  a  strong  inference  that 
all  the  stop  logs,  or  at  least  all  but  one,  were  in  place. 
The  only  approach  to  the  dam  by  road  is  from  the  right 
bank,  and  since  the  breach  in  the  earth-fill  dam  was 
between  that  bank  and  the  spillway,  it  became  necessary 
to  cross  the  pond  by  skiff  and  approach  the  spillway 
from  the  left  bank  before  the  sluice  gates  could  be  opened 
and  the  stop  logs  removed.  The  situation  was  quickly 
brought  under  control,  a  triangular  section  of  the  earth 
fill  being  washed  out  to  a  depth  of  approximately  3  feet 
against  the  concrete  spillway  wall,  decreasing  gradually 
and  petering  out  at  a  point  150  feet  or  so  in  the  direc¬ 
tion  of  the  right  bank.  The  v  ash-out  was  repaired,  by 
means  of  earth  fill  taken  from  the  same  pit  in  the  neighbour 
ing  hillside  as  was  used  when  the  dam  was  built  and  repairs 
were  completed  on  May  16th.,  1945. 


COMMUNICATION  FROM  VERMONT 
PUBLIC  SERVICE  COMMISSION 


Acting  upon  a  complaint ,  the  Public  Service 
Commission  of  the  State  of  Vermont  made  an  inspection  of 
the  dam  on  May  1st.,  1945,  and  on  May  28th.,  1945,  the 
Chairman  of  the  Commission  wrote  to  Mr.  C-.A.  Swanson,  with 
a  copy  to  the  Coaticook  River  Y.reter  Power  Company  listing 
five  recommendations  with  respect  to  the  structure  and 
asking  that  these  be  implemented.  A  copy  of  this  letter 
marked  "Exhibit  A"  is  attached  hereto.  These  recommen¬ 
dations  are  commented  upon  individually  under  the  sub¬ 
headings  which  follow. 


Recommendation  No.l. 

Plan  No.l,  referred  to  earlier,  implements 
the  major  part  of  this  recommendation,  with  the  exception 
that  soundings  for  the  establishment  of  cross  sections  of 


the  pond  upstream  from  the  dam  do  not  appear  to  have  been 
taken.  These  sections,  if  secured,  v/ill  be  of  no  practical 
use  to  the  users  of  the  storage  water  under  existing  con¬ 
ditions.  In  view  of  the  history  of  the  operation  of  the 
dam  over  the  past  fifty  years,  as  discussed  later  in  greater 
detail,  it  appears  doubtful  whether  they  will  be  of  much’ 
value  to  officers  of  the  Commission.  However,  if  the 
Commission  continues  to  press  the  point,  you  may  feel  that 
it  will  be  desirable  to  do  the  necessary  field  work  thi's 
winder,  when  soundings  can  be  taken  through  the  ice.  Three 
lines  of  soundings  spaced  at  intervals  of  the  order  of  500 
feet  upstream  from  the  earth-fill  dam  should  be  quite 
adequate. 


Recommendation  Mo. 2. 

The  material  used  in  the  earth-fill  dam  was  taken 
from  a  pit  in  the  hillside  adjacent  to  the  left  end  of  the 

dam.  An  inspection  of  this  pit  will  provide  all  the  infor¬ 
mation  which  could  be  secured  by  digring  test  pits  in  the 

dan.  It  would  be  too  bad  to  start  digging  holes  12  feet 
deep  in  an  embankment  so  thoroughly  consolidated  as  this 
fifty  year  old  dam  now  is,  and  we  feel  confident  that  when 
it  is  pointed  rut  to  the  Commission  that  identical  material 
may  be  inspected  on  the  pit  face,  the  digging  of  test  pits 
will  not  be  insisted  upon. 

heccimncndation  No. 5. 

This  culls  for,  (a)  raising  the  dam  3  feet  to  4 
feet  and  widening  the  base  and  (b)  widening  the  spillway 
to  twice  or  three  times  its  present  width. 


Ho  continuous  records  have  been  taken  of  the 
st rear:  flow  of  the  Coaticook  River  at  any  point  on  the 
watershed,  nor  is  there  any  rainfall  gauging  station  on 
this  watershed .  However,  stream  low  and  rainfall  records 
have  been  kept  for  many  years  at  a  number  of  points  both 
in  the  U.5.  and  Canada  within  a  fifty  mile  radius  of  the 
dam.  Inspection  of  these  recox'ds  .shows  tin  t  there  was  no 
rairrr.ll  at  any  of  these  stat'ons  on  Apr.  10th.,  1945,  the 
day  of  the  ’.'ash-out ,  and  practically  no  rainfall  for  five 
days  preview..  ileithor  was  there  any  indication  of  abnor¬ 
mal  flow  conditions  on  the  adjacent  streams  for  which  run¬ 
off  records  arc  kept.  As  a  matter  of  fact,  the  stage  of 
the  river  at  Coaticook  was  such  that  the  \  ater  released  by 
the  wash-out  did  no  damage  whatsoever.  Cn  the  other  hand, 
the  da:,  handled  the  record  floods  of  -ovember  1927,  June 
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1942  and  June  1943  without  difficulty,  in  spite  of  the  fact 
that  the  fiov.'s  at  these  dates  were  much  greater;  tha  t  of 
June  1343  having  an  estimated  peak  at  Conticook,  Quebec  of 
22,000  c.f.s.  In  other  words,  the  dam  has  been  operated’ 
in  such  manner  as  to  take  care  of  the  highest  flood  flow 
ever  recorded  on  the  river. 


Attached  hereto,  marked  Plan  Ho. 2.,  are  cross 
sections  of  the  existing  earth-fill  dam  tak&n  at  100  feet 
intervals.  Outstanding  American  engineering  authorities 
are  in  general  agreement  that  a  top  width  of  6’  is  adequate 
for  an  earth  filled  dam  not  more  than  25’  high,  and  that  for 
a  mixture  of  clay  and  gravel  the  upstream  slope  may  be  2:1 
and  the  downstream  slope  1  1/2:1.  Such  a  section  is  shown 
on  Plan  Ho.  2.  for  comparison  v/ith  the  actual  sections.  An 
inspection  of  this  plan  and  recognition  of  the  fact  that 
the  dam  has  been  in  use  for  over  50  years  would  seem  to 
give  ample  assurance  that  the  structure  is  adequate  for  its 
purpose. 


Presumably  the  recommendation  to  increase  the 
height  of  the  earth-fill  dam  does  not  contemplate  increasing 
the  height  of  the  spillway  piers  and  walls  by  the  same  amount. 
Increasing  the  height  of  the  earth-fill  section  alone  would 
prevent  water  from  overtopping  that  section,  if,  due  to  im¬ 
proper  operation  of  the  stop  logs  and  gates  in  the  wpillway, 
the  ater  level  were  allowed  to  rice  so  as  to  submerge  the 
existing  concrete  structure.  Should  this  happen,  the  removal 
of  stop  logs  and  opening  of  gates  would  be  extremely  difficult 
it  not  impossible,  without  considerable  delay.  A  much  more 
desirable  safeguard  would  be  to  insure  that  the  dam  is  in¬ 
spected  at  regular  and  designated  periods,  and  that  the  out- 
flow  is  properly  controlled  at  all  times.  The  most  critical 
periods  would  be  when  the  reservoir  is  full,  or  is  being 
filled,  and  during  abnormally  heavy  rainfalls  occurring  at 
any  time  cf  year  when  the  reservoir  is  fairly  well  filled. 

The  existing  spillway  and  sluice  gates  have,  in 
the  past,  dealt  with  situations  of  extremely  high  runoff  and 
with  a  dependable  operational  procedure  there  should  be  no 
difficulty  in  handling  future  floods.  The  wash-out  of  Apr. 
lOt’n.,  1945  cannot  be  properly  charged  to  lack  of  spillway 
capacity . 


F.  e  e  o  mm  end  a  t  ion  Mo  .  4 . 

The  opinion  which  has  been  expressed  in  dealing 
with  neccmendat ion  Mo. 3.,  ag.  inst  increasing  the  height  and 
width  cf  the  earth-fill  dam  or  the  size  of  the  spillway, 
directly  affects  Kecommendat  ion  Ho. 4.  which  conc-..rns  new  con¬ 
struction.  A  frank  discussion  with  the  Members  of  the  Vermont 
Public  bervite  Commission  and  their  technical  advisors  should 
secure  agreement  to  the  withdrawal  of  these  Hecoramendat iohs 
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-subiect  to  proper  maintenance  of  the  darn  and  dependable 
operational  procedures. 


'  o.-.v- 

■  >.'■  %  •. 


Recc::nendat ion  Mo. 5. 


Presumably  this  Recommendation  refers  only  to 
floating  logs  etc.  which  night  be  drawn  through  the  dam 
and  .-Jam  in  the  stop  log  openings,  and  not  to  material  which 
has  lodged  firmly  along  the  upstream  face  of  the  earth-fill 
dam,  and  may  be  expected  to  remain  there.  During  our  visit 
to  the  dan,  it  was  remarked  that  a  floating  boom  protected 
the  sluice  gates  and  spillways,  being  anchored  to  the  left 
bank  of  the  lake  some  distance  upstream  from  the  face  of  the 
dam  and  extending  out  beyond  the  spillway  section  to  another 
anchorage  on  the  face  of  the  earth-fill  dam.  It  may  be  that 
it  is  already  your  practice  to  dispose  of  any  loose  floating 
debris  which  collects  along  the  face  of  the  dam.  If  not,  it 
would  be  desirable  to  have  this  done  at  regular  intervals, 
disposal  would  be  relatively  inexpensive,  and  for  material 
which  has  no  salvage  value,  the  most  convenient  procedure 
would  probably  be  to  remove  a  stop  log  for  a  short  time  and 
guide  it  through  the  spillway  section. 


That  part  of  Recommendation  No. 5.  concerning  an 
adequate  bridge  across  the  spillway  would  appear  to  have 
been  already  implemented  since  we  drove  across  to  the  left 
bank  of  the  river  during  our  inspection.  Assuming  this 
wooden  span  is  properly  anchored  to  the  concrete  so  that  it 
cannot  be  accidentally  dislodged  it  provides  a  suitable  road¬ 
way. 


CONCLUSIONS 


It  is  our  understanding  that  the  Vermont  Public  ;-'! 
Service  Commission  have  agreed  to  a  meeting  for  discussion 
of  the  Recommendations  contained  in  their  letter  of  Liay  28th,  |’ 

1945.  i  v 


a 


Mlien  thi 
provide  the  Conmiss 
dam,  to  advise  that 
is  properly  taken  c 
across  the  spillway 
pits  will  only  prov 
at  the  risk  of  inju 
history  of  operatic- 
off  peask  as  proof 
deal  with  future  co 


s  meeting  takes  place,  you  will  be  able  to 
ion  with  detailed  drawings  of  the  existing 
a  boom  is  in  place,  that  floating  debris  | 
are  of,  and  that  there  is  an  adequate  bridge7- 


o . 


You  can  demount, ate  logically  that  test 
ide  information  already  available,  and  this  / 
rv  to  the  dam.  Finally  you  can  point  to  the-  . 
n  of  the  dam  in  handling  extremely  high  run-! 
that  the  existing  structure  is  adequate  to  f . 
nditions  such  as  may  reasonably  be  antic ipat 


vV  \ 


It  is  our  opinion  thet  the  inform  tion,  records 
and  data  which  have  been  collected  v/ill  make  it  extremely 
difficult  for  the  technical  advisors  of  the  Comm  is  sion  to 
disagree  with  the  conclusion  that  the  existing  darn,  if 
properly  maintained  and  operated,  can  continue  to  function 


H.Y/.  Lea. 


E.  Brown. 


H.  K.  BARROWS 

M.  AM  *OC  C  C 

CONSULTINO  CNClNCETn 
6  Beacon  Street 
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I’le  teller  i  lurnlf.y,  Usq.  t  Ch:  irmrn , 

Public  Service  Jomnioeiou, 

OLete  of  Vermont, 
i’.ontpeli  or ,  Yt. 

rortou  Pond  Dc.Ti 

Deer  Oir: 

/» s  rC'Ui  cm  tr-d  by  you ,  1  ruhnit  the  t'clloni  n"  re¬ 
port  on  the  for ton  i’orib  1'rrn,  loe.v  t  ei  in  ’icitv.:  Jaunty, 
Vermont  Ebon  t  five  mi  lea  soutnerly  from  the  Canadian 
line . 


1!  or  ton  lend 

Iforton  !'erd  his  a  tributary  <’  rt  in*'  yc  r  roe  of 

18  sq.  mi  lea  •  rd  per  cl  water  ire:,  of  about  GOO  core's. 

It  is  ot  about  elevation  1.53  b  ft.  above  mem:  ::ca  level 

end.  its  o  rr  i  tv.  e  ,:n>a  rises  to  .‘-bout  '.i.  2v£0  at  nibble 

Lt.  in  its  co- &■ tern  nortion  tnd  ill.  C310  >:t  Gooch  Put 

*  / 

iiid.ye  in  the  west,  r.  no.  to  111.  1000  on  the  north.  Its 
uvr.rr  _:e  elev?  ticu  in  i  bout  1600  ft.  :-'H:  if:  1:  .  0  elopes 
fairly  oWy,  to:  bin:  to  c  quid  r.  i:of  f. 

Jhe  .  v  .  -c  cn ci  ty  of  ‘nr  -.ond  i :  .'t  ciofin- 


i  toly  li  o'..v.  bv.  t  it  i rcb:.-i)!y 


0000  sc  t  c: 


r  J*.  ,._J 
r.- V 


-.VS  -• 


.  >  .  •  n  -  - 

y’y.y.y*,' 

*  _  _ 


more  or  c.  >  ircu.i  n.  tel*  K  incur:  c-.  tn.  c:  '  cr  -  hr  :r  area 


vrvv- 

■  »  •  ,  *  .  ► 


C a 


^  A  A  A  A 
•.  v'  •. 


s-si 


J-Tortov.  Pord  is  5 r.  the  hetdv.r.  ter?  cf  Set tifcook 


jtiver  wi.ich  flews  r  crth*.  arc  i  i.  to  U:c  r 


v :  v.c  e  of  fue- 


beo ,  its  vo  ters  events ally  re;  chin;;-  the  at.  itv.rer.ee 


uivcr. 


I' or  tor.  Tend  D-n 


,.n  ir.Bpee !  i  on  of  the  fortor  rend  outlet  end 
o» in  v.es  mod e  by  the  writer  on  fry  1,  i r  company  v.j  th 
Chairman  i'lumlc;.’  and  hr.  Sir.cl*  jr  of  'ho  ..onni  scion 


tjid  hr.  Clewly,  its  engineer. 


do i!  ire.Ire.es  or. 


earth  embaritmont  about  60C  ft.  lor v  •  ml  R  to  10  ft.  hi  ph 

and  is  cbout  10  ft.  wife  at  thr  ton,  with  side  slopes 

1  on  1  on  'he  down;  l  re  am  side  i  d  r  little  fit  tte.r  on 

the  upstream  side.  At  the  westerly  or  river  end  is  e 

spillway  structure  of  concrete  v.ith  two  crest  openings 

each  10  feet  Ions  vi  th  a  is,  ft.  pier  best wo-'n.  ih.f-  epi  11- 

v.oy  crest  3s  ebo-et  G  ft.  below  the  elevation  of  the  top 

of  the  earth  dan:,  •  no  flesh's  cords  rb-.ut  .'3  ft,  hi  oh,  of 

3  in.  ol ml:  were  or.  the  spillway  at  fh'~  time  of  ‘  he  visi 

/ 

rona  water  surf*,  c  c  vss  about  4  inches  ';rlcw  the  top  of 
the  flash  bo-  rds  and  g  bout  2  ft.  below  full  pond  level, 
dust  westerly  from  the  spillway  are  two  n-  nd  on-roted 
v.aste  hates  cover!:.:  two  openin'?  4  ft.  ..Joe  by  '.bout 
C  ft.  hjrh,  which  d  i  sober  ye  far  "h  concrete  pass',  res 
to  the  rivnr  below  the  dam. 


CcriQ  3  t.i  ° n 


i::<'  oriyir.al  porti  on  of  f  he  >- ■  r  th  ernbarhr  rnt 

l 

dates  bad.  oosr i blr  GO  years  or  more:  the  concrete  soill 


3 


way  portion  i:;  about  13  yea ra  old  ?  r*d  i  n  frirly  pood 
condition.  Cn..pril  10,  1S45  u  section  of  tine  earth 
embankment  about  100  ft.  lone:  adjacent  to  the  e  >ill- 
v;uv  foiled  by  aliening,  releu  sin:’  a  bent  3.0  fe •  t  depth 
of  pond  voter.  f hi  s  portion  c  P  the  r  •.  r th  an'!  in  cl  been 
nearly  all  replaced  on  Hoy  lot. 

On  June  10,  1043,  one  to  very  hi ~h  re info  11, 
with  both  waste  *~e  Les  open  end  flasnboaroo  off  the  spi  11- 
way  ,  pond  water  level  reached  the  top  of  the  earth  deni. 
The  darn  v.a  is  saved  by  the  nee  of  s-ii.ci  ba'-0  end  since  has 
been  raised  in  top  .level  about  1  ft.  by  endin'  earth 
fill. 


*::ay! 


j'looa  O'  n?.ci  t”  of  Jam 

-  —  - 

.’.1 1  o\vi  ny  3  ft.  of  freeboard  for  the  or  re  rnt 

eerth  emm  mar  in. urn  water  level  vnild  be  3  ft.  above  the 

elevation  of  the  spillway  crest.  Vi  t  n  f  1  •i  hbcrrd e  off 

this;  would  eive  t  discharge  of  about  300  c.f.s.  over 

the  spillway  and  300  c.f.s.  threu  :h  the  .*»  tes  or  a  to- 

*  / 
tc.l  ct  i  soh:  v;ro  cap:  city  of  600  c.f.s. 

If  the  water  level  wo  s  rail  e<3  to  I  thin  a  foot 

of  the  top  of  tiie  dam,  the  spillway  and  pa  too  would  ciis- 

char.re  about  1200  c.f.s.  Thi in  not,  however,  a  safe 

proceecure  for  1  !.»’  ear  to.  dan. 

flood  runoff  cf  at  lev  at  i  inches  in  ,-A  hours 

should  be  provided  for.  Phi  a  would  be  ■  .vverwe  daily 

flow  cf  nearly  2000  c.f.s.  i  no  •.  peck  flow  of  .„.r00  c.f.s 


:v:>v-n 


-t'Oc/.'-Vv.'-.-p.-w  -  , 
tv  .  f  . V.t 


V4vw,<v:  ’'  nv-v  t  • 

WaVV  '.'  v  v  -.a  .-  -  •  .  -  -  . 


vvv, 


cr  rserc,  v.hi  eh  v.i  fh  /petes  open  von  16  overtop  the  present 
durn  f.r.d  ore  lull;  cause  its  failure. 

*• 

study  of  rainfall  c  one  i  tj  ent  in  Cure  1943, 
tel’ in/r  into  r-.c count  the  elevation  cf  the  rorton  Pond 
c.  rsinsse  area  indicates  that  between  June  11  -  16  inc. 
about  6  to  9  inches  of  rain  probtib.lv  fell  in  the  vicinity. 
In  the  first  ten  taps  of  June  an  additional  &  .Mount  of 
about  1  inch  cf  rainfall  had  ft  lien.  In  t:i~  month  of 
hav  rainfall  v.ss  somewhat  above  rorr.al  so  t.r.  t  conditions 
in  June  were  favorable  for  runoff. 

Ihe  8  tc  9  inches  of  rainfall  in  sir  days  pro¬ 
bably  produced  C  inches  cf  runoff  tub  failure  of  the 
dam  was  only  prevented  by  emer  ocnoy  action  in  placing 
sano  bans  elan;:  4 he  top  of  the  earth  ban. 

If  is  obvious  tout  the  present  dam  is  inade¬ 
quate  ir.  spillway  capacity  r;d  unsafe,  as  a  somewhat 
larger  cr  concent  rated  rainfall  than  that  in  1943, 

or  pcrh'pu  a  ycr.u  at  hi  .peer  elevation,  would  probably 
breach  the  earth  c.tru  and  cause  it  to  fail. 

wOIic  Z  ? .  J 

Ir  rr  j'ub rpnent  the  ollev.inp  nroeeodure  is  de¬ 
sirable  :  - 

1.  ..r.  accurate  t  a  rvey  shuaJd  bo  :  -  on  cf  the  present 

cam  as  t  basis  for  a  p  1 1 n  of  Vr-  dan,  with  cross  sections' 
of  tne  csrth  c  ubar  vi:.en  t  each  100  ft.  of  leivsth.  .’.Iso  a 
plan  tc  shea  details  oT  ih'>  spillway  structure,  -a tea 


end  abutment  well.  3 ■  >  1.1  e  cross  sections  v.i  th  soundings 
should  also  bo  ts-c  en  in  the  pond  ,  tc  r  rrve  at  a  bts:  £ 
tor  the  tpproni-  ate  determination  of*.ifs  capacity  v.hen 
foil.  At  pro  cent,  this:  capacity  is  urn  r  ov.r.  yi  th  any. 
decree  of  accuracy. 

2.  i’-.'.o  or  ■  ore  test  pits  shcxxld  be  dor:  in  the  earth 

embankment  tc  determine  the  cm  rector  of  the  fill  with 
which  if  is  constructed.  This  should  be  done  at  a  time 
when  trie  water  level  et  the  earn  is  well  drawn  down. 

5,  Using  the  information  obtained,  e  new  plan 
should  be  made  or.  the  basis  of  raisin?  the  top  of.  the 
earth  dam  6  to  4  ft.  and  widening  its  base,  and  provid¬ 


ing  a  spillway  length  of  2  to  o  times  feet  of  the  pre¬ 
sent  length  of  sO  ft, 

4.  cons  tree  ti  on  should  then  be  carried  out  in  an 
adequate  and  proper  maimer  as  soon  as  pr:  cticaole. 

5.  i'he  floating  debris  just  above  the  dam  should 
be  kept  removed  and  an  adequate  boom  placed  near  the 
spillway,  tc  prevent  possible  clorgin'y  of  the  gates  un¬ 
ci  or  flood  conditions.  An  adequate  bridge  on  the  spill¬ 
way  should  alto  be  provided. 


lie  up  ect  fully  nromi  tied. 


PHOTO  NO.  18  -  Appurtenant  structures  (spillway 

and  outlet  works),  view  from  downstream  channel). 


Slope  failure  at  Station  7+64. 
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PHOTO  NO.  16  -  Upstream  slope  view  from 
Station  7  +  501  towards  right  abutment. 
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PHOTO  NO.  13  -  Crest  of  dam  from  about  Station  3+50  looking 
towards  the  right  abutment. 
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PHOTO  NO.  14  -  Downstream  slope  of  dam  from 
about  Station  7+00  looking  towards  right 
abutment . 
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PHOTO  NO.  11  - 


Second  view  of  the  slope  failure  at  Station 
2+23.  Rule  equals  5  feet. 
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PHOTO  NO.  12  -  Slope  failure  at  Station  2+23  •_ 
viewed  from  crest  of  dam.  The  failure  has  ^ 
extended  to  within  6  feet  of  the  dam  center- 
line  and  is  about  50  feet  long. 


PHOTO  NO.  3  -  Dam  structure,  view  toward  left  abutment. 


PHOTO  NO.  4  -  Dam  structure  at  spillway  and 

outlet  works  structures  (at  left 
abutment) . 


PHOTO  NO.  1  -  View  of  reservoir  from  dam  structure. 


PHOTO  NO.  2  —  General  view  of  dam  and  reservoir 
from  left  abutment. 
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4.  Construction  shuld  then  be  carried  out  in  an 
adequate  and  proper  manner  as  soon  as  practicable. 

5.  The  floating  debris  just  above  the  dam  should 
be  kept  removed  and  an  adequate  boom  placed  near  the 
spillway,  to  prevent  possible  clogging  of  the  gates 
under  flood  conditions.  An  adequate  bridge  on  the  spill¬ 
way  should  also  be  provided. 


May  we  be  advised  in  the  very  near  future  of  the 
action  to  be  taken  and  when  the  reconuaendat ions  above  will 
be  carried  out? 


Very  truly  yours, 
Signed  Fletcher  Pluiuley 
Chairman 


FP:FS 


cc:  Mr.  E.E.  Alchurst,  President 

Coaticoek  River  Water  Power  Company 
Couticook,  P.Q,. 


Fletcher  Plunley ,Cha iman 
Charles  C.  Morse 
William  F.  Sinclair 


"2XHir.IT  ; 

Florence  Smith, cleri; 


ST  AT  2  OF  VEr-JMONT 
PUBLIC  STAY  ICE  CCIT'IS  .  ICN 

Montoelier,  Vermont 
*  May  28,  1945. 

Mr.  C.A.  Swanson, 

Norton ,  ■ 

Vermont . 

I 

Dear  Mr.  Swanson 


As  a  consequence  of  a  complaint  made 
to  this  Commission,  an  inspection  of  the  Cooticook 
Power  Company’s  Norton  Dan,  located  in  the  Tov;n  of 
Norton,  Vermont,  was  made  on  May  1,  1945. 

The  inspection  party  included  the  writer, 
Gtommissione  r  Sinclair,  G.W.  Clewley  of  the  Commi  so  ion’s 
staff,  and  H.K.  Barrows,  hyd  aulic  engineer  retained  by  the 
Commission  for  this  particular  inspection. 

The  inspection  made  of  the  dam  was  sufficient 
to  permit  certain  d  finite  conclusions  to  be  reached  concerning 
the  adequacy  and  the  safety  of  the  dam  in  question. 

As  a  result  of  the  investigation  made, 
therefore,  the  opinion  of  the  expert  retained  by  us  is  to 
tne  effect  tht  Norton  Dam  is  inadequate  in  spillway  cap¬ 
acity  and  unsafe,  as  a  somewhat  larger  or  more  concentrated 
rainfall  than  that  in  1943,  or  perhaps  a.  pond  at  higher  elev¬ 
ate  on,  would  orobably  breach  the  earth  dam  and  cause  it  to 
fall. 

In  view  of  the  inspection  and  the  report 
made  ot  us,  the  following  procedure  is  recommended  to  you: 

/ 

1.  An  accurute  survey  should  be  made  of  the  present 
dam  as  a  basis  for  a  plan  of  the  dam,  with  cross  sections  of 
the  earth  cmbanr.ment  each  100  ft.  of  length..  Also  a  plan  to 
show  details  of  the  spillway  structure,  gates  and  abutment 
wall.  Some  cross  sections  with  soundings  should  also  be  taken 
in  the  pond,  to  serve  as  a  basis  for  the  approximate  determin¬ 
ation  of  its  capacity  when  :'uli.  At  pres  nt ,  this  capacity  is 
unknown  with  any  degree  of  accuracy. 

2.  Two  or  more  test  pits  should  be  dug  in  the  earth 
embankmont  to  determine  the  character  of  the  fill  with  which 

it  is  construe  led.  This  should  be  done  at  a  time  when  the  water 
level  at  the  dam  is  well  drawn  down. 

3.  using  the  information  obtained,  a  n  e.v  plan  should 
be  made  on  the  basis  of  raising  the  ton  of  the  earth  dam  3  to 
4  ft.  and  widening  its  base,  and  providing  a  spillway  length 
of  2  to  3  times  that  of  the  present  length  of  20  it. 
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PHOTO  NO.  23  -  Erosion  of  left  training  wall  at  discharge 
channel . 
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PHOTO  NO.  24  -  Outlet  works  structure  at 

discharge  channel;  erosion  of 
concrete  walls. 
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